Abstract The sugar moiety of the title compound, ClzHI5NO8.-C2H60, has a 4C1 conformation. The nitrophenyl group adopts a planar conformation. The glycosidic linkage is ~. The angle between the 'best planes' through the saccharide and aglycon residues is 71.5 (1) °.
.
Comparison of average geometric parameters (A, °) of the mbts molecule in structures (1)-(5)
Compound Ut Sel----C2 S 1---C2 S1---C9 C2--N3 N3--C4 N3---CI0 C4----C5 C4---C9 C5---C6 C6--C7 C7----C8 C8---C9
(1) (3) (4) (2) 
Comment
The ways in which the legume lectin Concanavalin A (Con A) binds to a series of saccharides consisting of a mannoside or glucoside group (saccharide residue) bonded to a second hydrophobic ring (aglycon residue) are currently being studied (Kanellopoulos et al., 1996) . The title compound, the methanol solvate of p-nitrophenyl o~-o-mannopyranoside (a-PNM), (I), a member of the series, binds to Con A with a high affinity. Its precise molecular structure determination was necessary for modelling the Con A-saccharide complexes.
The crystal structure shows disorder; there is an ethanol molecule per asymmetric unit, which may adopt three different orientations, at approximately the same site, with relative occupancies of 43, 22 and 35%. The saccharide part of the molecule has a slightly distorted 4C 1 chair conformation (Stoddart, 197 I) , as measured by the Cremer & Pople (1975) (Jeffrey, 1990) .
The torsion angles of the pyranose ring are consistent with values reported for other saccharides, except for the angles about the C3---C4 and C4---C5 bonds [48.4 (4) and -48.4 (4) ° , respectively], which are considerably smaller than those expected for a pyranose ring (Jeffrey, 1990) . This is most probably related to the substitution at the O1 position and/or the particular crystal packing in this structure. The C-atom valence angles in the pyranose ring and the 05 valence angle, 115.0 (3) °, are in the range found in other carbohydrate structures (Jeffrey, 1990) . The extracyclic torsion angle around the C5--C6 bond is also close to the °expected value. The N1---C10 bond length of 1.440 (7) A is similar to the value found in p-nitrophenol (Butt, Mackay & Topsom, 1987) . The high anisotropy of the displacement parameters of the 07 and 08 atoms perhaps indicates rotational disorder of the nitro group, which was in fact observed in the crystal structure of the c~-PNM--Con A complex (Kanellopoulos et al., 1996) . The conforma- tion of the molecule in the crystal [C7----O1--C1--O5 81.4 (4) and CImO1----C7---C8 164.8 (4) °] corresponds to a free-energy minimum, most probably the global one, as determined by semi-empirical energy calculations (HYPERCHEM; E. Mikros, personal communication). Moreover, the molecule adopts approximately the same crystal structure conformation as does its complex with Con A (Kanellopoulos et al., 1996) . The phenyl ring is planar and deviations of the C atoms are less than 0.013 (5),~, from the least-squares plane. "l~he O1 atom and the O8--N1---O7 plane are almost coplanar. with the phenyl ring [maximum deviation 0.086 (8)A for the 08 atom].
The packing in the crystal is determined by a rather complex intermolecular network of hydrogen bonds, involving all O atoms of the hydroxyl groups, the O atoms of the disordered ethanol molecules (Table 2) , as well as a large number of intermolecular van der Waals interactions. The crystal structure of p-nitrophenyl c~-D-mannopyranoside hemihydrate has recently been reported (Fernandez-Castafio & Foces-Foces, 1996) . This compound crystallizes in the same space group, P2~, with two molecules per asymmetric unit and cell parameters a = 17.797 (3), b = 10.2594 (6), c = 7.4438 (5) A and /3 = 98.44(1) °. A water molecule links the two independent molecules in the asymmetric unit through O---H...O hydrogen bonds. While the geometry (bond lengths and angles) of the molecule is similar in both structures, its conformation is slightly different [torsion angles C7--O1---C1--O5 81.4(4) and C1--O1--C7--C8 164.8(4) ° in a-PNM ethanol solvate; Ci7--Oil--Cil---Oi5 59.6 (6) and 61.4 (6) ° and Cil--Oil--Ci7---Cil2 -171.1 (6) and -146.1 (5) ° for the two independent molecules (i = 1, 2) in p-nitrophenyl a-D-mannopyranoside hemihydrate]. The differ-ences perhaps reflect the effect of the solvent. A comparison of the geometry of a-PNM ethanol solvate (this study) with a-PNM hemihydrate (Fernandez-Castafio & Foces-Foces, 1996) and other mannose derivatives obtained from the Cambridge Structural Database (Allen et al., 1991) , e.g. MEMANP (Gatehouse & Poppleton, 1970) and MEMANP11 (Jeffrey, McMullan & Takagi, 1977) , reveals the following: the endocyclic C5---O5 and O5---CI bond lengths of 1.438 (5) and 1.387 (5),~ (Table 1) , respectively, are significantly different in the p-nitro-substituted saccharides [Ci5---Oi5 1.455 (6) and 1.453(6)A (i = 1, 2), and Oi5---Cil 1.400(7) and 1.401 (6)A (i = 1, 2) in c~-PNM hemihydrate; Fernandez-Castafio & Foces-Foces, 1996] , with the shorter bond close to the anomeric C1 atom. This effect has also been observed in several other p-nitropyranose compounds (Fernandez-Castafio & Foces-Foces, 1996 , and references therein), and in other glycosidic substituted molecules, e.g. sucrose (Brown & Levy, 1963) .
Furthermore, the C1---O1 glycosidic bond, 1.422 (5)A, does not show the characteristic anomeric shortening observed in the free sugar (Berman, Chu & Jeffrey, 1967) o, while the length of the O1---C7 bond of 1.369(6)A [corresponding bond lengths in a-PNM hemihydrate are 1.356 (6) and 1.361 (6)A] suggests a partial doublebond character. This probably reflects the resonance of the glycosidic O-atom lone pairs with the aromatic ring, in agreement with values observed in several enol esters (Allen et al., 1987) . These differences probably arise from the p-nitrophenyl substitution at the glycosidic O 1 atom.
Experimental
Crystals of the title compound (Sigma Chemical Company) were prepared by slow evaporation from ethanol solutions at room temperature. As they were unstable in air, they were mounted into capillaries in equilibrium with ethanol vapour. 
Difference Fourier maps revealed an ethanol solvent molecule per asymmetric unit which adopts three different orientations, at approximately the same site. All atoms of the ethanol molecule of the same orientation were given the same siteoccupation factor (s.o.f.). The sum of the s.o.f.'s in all three orientations was constrained to have a value of 1. Simultaneously, the isotropic displacement parameters of each atom in each orientation of the ethanol molecule were set to be equal. Hydroxyl H atoms of the pyranose ring were first located from difference Fourier maps and then left to refine riding on the bonded atom with their U~so fixed at 1.2Ueq of the attached atom. All other H atoms were calculated to fit the geometry and their isotropic displacement parameters constrained to be the same and refined to 0.028 ,~2. The absolute configuration of the molecule was not determined since it was known from the synthesis and was assigned according to the configurational angles given by Cano et al. (1985) . Calculation of the Flack absolute structure parameter X and its e.s.d. [-0.2 (4); Hack, 1983] further suggests that the refined absolute structure is correct.
Data collection: CAD-4 Software (Enraf-Nonius, 1989 ). Cell refinement: CAD-4 Software. Data reduction: CAD-4 Software. Program(s) used to solve structure: SHELXS86 (Sheldrick, 1985) . Program(s) used to refine structure: SHELXL93 (Sheldrick, 1993) . Molecular graphics: PLUTON (Spek, 1991) and PLATON (Spek, 1990) . Software used to prepare material for publication: SHELXL93.
